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PREFACE

This report was prepared as a supplement to the STAGSC-1

User's Manual. It presents clarifications and sample problems and

is directed toward the beginning user of STAGSC-1, and possibly

the beginner in structural and/or finite element analysis.

The report was prepared by the Aerospace Structures Informa-

tion and Analysis Center, which is operated for the Flight Dynamics

Laboratory, Air Force Wright Aeronautical Laboratories, by Anamet

Laboratories, Inc., under Contract No. F33615-81-C-3201, as

Problem No. 414. Contract F33615-81-C-3201 was initiated under

Project 2401, "Structures and Dynamics," Task 240102, "Design and

Analysis Methods for Flight Vehicles." The contract was adminis-

tered by Mr. J. R. Johnson, AFWAL/FIBRA, Wright-Patterson AFB,

Ohio. Dr. N. S. Khot provided technical assistance for this

particular effort.
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1.0 OVERVIEW AND SUMMARY OF USER'S MANUAL

1.1 INTRODUCTION AND GENERAL COMMENTS

' This report was prepared as an introduction to using the

STAGSC-1 computer program. It is not an attempt to rewrite the

current STAGSC-1 User's Manual [11; however, as with any manual,

there are certain aspects which sometimes are not easy to under-

stand. This report is especially addressed to the user that

might not be as experienced as the STAGSC-1 manual presumes.

Cl, rification of selected input data cards which this

reviewer found somewhat confusing are covered in Section 1.2.

Section 1.3 of this report discusses selected output messages,

nomenclature, and options which will aid in understanding the

STAGSC-1 output. Section 2.0, which comprises the bulk of this

* report, is an assembly of various sample runs. The input data

for the sample problems are included in the main text of this

/ ' /7777
report. T.' _ < / - / 1,. , ,. . ] ,,. .

! ,'°- I/

1.1.1 qse of This Fleport J

This report is aimed at the beginning user of STAGSC-1 and

possibly the beginner at structural and/or finite element analy-

sis. The following procedure for understanding the use of STAGSC-1

is recommended. First, review this report without reading in

detail. Especially, review the sample problems and input data

format presented in Section 2. Next read Sections 1, 2 and the

first few pages of Section 3 from the STAGSC-1 User's Manual [I].

Next, examine the first example (Section 2.1.1) of this

report and look up any card in Section 3 of the User's Manual

which is not understood. If the explanation in the User's Manual

seems confusing, check Section 1.3 of this report to see if ;cddi-

tional clarification of the card has been covered. Finally, run

the sample problem and examine the output. Refer to Sections

1.3.1, 1.3.2, 2.1.6, and Appendix E if questions concerning the

output arise. If the reader is interested in the complete ouput

of the ten sample problems, he should contact AIAL/FIBRA.

.
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After running through a sample problem, one can proceed in

whatever fashion suits one best. The purpose of the additional

samples in Section 2 is to illustrate various capabilities of

STAGSC-I.

It should be mentioned that although the STAGSC-l User's

Manual does not contain an index as such, the mini-manual

(Section 9) seems to serve the same purpose. It is very useful

for locating the proper cards without rummaging through the

voluminous data card descriptions (Section 3).

1.1.2 Overview of the STAGSC-l Program

The STAGSC-l program originated as a finite-difference based

structural analysis program. Eventually, it was converted to the

present configuration which is entirely finite element based.

However, some of the nomenclature which was used in the generation

of meshes and grids was retained. The terms "rows" and "columns"

are examples.

The STAGSC-1 computer program is comprised of four modules:

STAGS1; STAGS2; POSTP; and STAPL. The STAGS1 module is a pre-

processing module which performes model generation, and various

preliminary calculations. Execution of this module typically

precedes the execution of the other modules. The STAGS2 module

performs the bulk of the numerical computations associated with

finite element analysis. STAGS2 module performs matrix decompo-

sition, linear and nonlinear stress analyses, eigenvalue analyses,

etc. TYe POSTP module is a postprocessing module for determining

secondary solutions from previously calculated displacement solu-

tions which have been saved on the restart file TAPE22. The

STAPL module is a module for plotting undeformed and deformed

geometries and solution contour plots. This manual is directed

toward the input and output data associated with the STAGS1 and

STACS2 modules. For information on the use of POSTP and STAPL,

the reader is referred to Section 5 of [1].

r
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STAGS-1 employs unique "substructures" known as shell units

and element units. A shell unit is a collection of finite ele-

ments and nodes which may be defined using standard shell shapes

or with user-written subroutines. The user defines a shell unit

by specifying limited data concerning the shell and letting

STAGSC-l generate the actual internal nodes and elements. The

element unit is more like a regular finite element mesh. Only

one element unit may be specified, and it is defined by node

locations and element connectivities as in most standard finite

element codes. The one element unit can be used to specify any

number of finite elements and nodes, their locations and con-

nectivities to other shell units being arbitrary. In the user's

manual the "A through R" cards are concerned mostly with defining

shell units, while the "S through V" cards are used for defining

element units. There are, however, certain cards in the "A

through R" sequence which must always be present, regardless of

whether shell or element units are being employed. Paging through

the user's manual will allow identification of these cards.

Another apparently unique aspect of STAGSC-1 (although it is

mostly terminology) is the use of "surface coordinates." These

are discussed in Section 2 and are referred to in Figure 3.9 of

[i]. Surface coordinates are simply alternative coordinates used

to describe a surface. By definition, all surfaces can be des-

cribed by two independent coordinates. These are denoted "surface

coordinates" in STAGS. For example, in normal nomenclature, a

cylinder can be described by three Cartesian coordinates, x, y,

and z, with an equation relating them, that is:

2 2 2
X +y + z =R

Hence there are only two independent variables, since R is

constant. Alternately, the surface may be described by two inde-

pendent variables, z and e through use of the following equations:

3
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x = R cos q

y = R sin 0

z = same z as before

Here z and 0 would be called the "surface coordinates." For

other examples see Figure 3.9 [1].

1.2 CLARIFICATION OF SELECTED INPUT DATA CARDS

This Section will present input data cards which were judged

to require some additional explanation to that presented in the

User's Manual. Not all cards are covered; only those more com-

monly used or specifically requested by AFWAL/FIBR are discussed.

If the explanation in the User's Manual was found sufficient,

then the card will not be discussed.

Card Variable Comments

(B-i) IPOSTu Only used for plots, data written to FORTRAN
unit 21

IPOSTI If IPOSTI = 0 saves last 3 displacement
vectors on unit 22

If IPOSTI = I saves last I displacement
vectors on unit 22 (As with any data saved
during the run, the user is required to
furnish the proper job control language (JCL)
in order to save the specific files)

(B-2) NIMPFS Tape or unit 25 is the same as unit 22 saved
from a previous buckling run. It is recom-
mended that imperfection amplitudes be on the
order of one percent of the panel thickness.
Note that only local w-displacements for each
shell unit are used to define the imperfection
shape. The total imperfection is printed in
the STAGS1 output.

Kb-i) .,TAP This parameter indicates the number of user
parameters required by the user-written
routines if used. See (L-1) card.

-~~~~~~~~~~~~~~~~.-.-. .. . .. . . . ......-..-.....-....".- ...- -4 -.-- >- " - ' . ..-. . . .... ..



(B-5) WIMPFA There are NIMPFS terms on this record which
define the buckling mode amplitudes used for
the initial imperfection. Note that the
buckling modes are normalized to the maximum
value in the eigenvector and usually contain
a 1.0 value.

(C-1) STLD(I) The base load is defined via 'IQ" cards. Two
different base load systems may be specified,
load system A and load system B. For linear
analysis, the total load on the structure is
given by:

Plin = STLD(1)* (Base load for system A) +
STLD(2)* (Base load for system B)

For buckling analysis, load system B is
assumed to remain constant. The total load
at buckling is:

Pbuc X*STLD(1)*(Base load for system A) +STLD(2)*(Base load for system B)

Where X is the eigenvalue found from the
buckling analysis. For nonlinear analysis,
first a linear analysis is performed using
Plin from above. Next a nonlinear analysis
is performed using Pin from above; this is
called step 1. For step 2, a nonlinear analy-
sis is performed using the total load given by:

Pnon= (STLD(1)+STEP(1))*(Base load for sys A)
(STLD(2)+STEP(2))*(Base load for sys B)

The remaining load steps would then normally
use, say, (STLD(I) + STEP(I) + ... STEP(I))
as the load multiplier unless the STEP(I) is
automatically halved or doubled by STAGSC-1
(see Section 6 [1] for a discussion of this).
Here I = I for load system A, and I = 2 for
load system B.

If the postbuckling response is being calcu-
lated, the starting load should be under the
linear bifurcation buckling load (e.g.,
STLD(1) = .5 * Critical Buckling Load) and
the load step size such that 2 or 3 steps are
required to reach the buckling load (e.g.,
STEP(l) = .2 * Critical Buckling Load).
Additionally, it is recomnr -ded that STLD(I)
and STEP(I) be chosen such that (STID(I) +

STEP(I) +...) equal about 1.0 at the estimated



critical buckling load. This is also the
recommended procedure when using the path
length as an Independent parameter (see NSTRAT
of card (D-1)). Note that STEP(1) and STEP(2)
have to be greater than or equal to zero.
Negative load steps are not allowed.

(D-l) ISTART For a new case or for using the POSTP post-
processor, ISTART must be set to zero.

NCUT For new users, a value of four is recommended.
As the user gains some experience and confi-
denece in nonlinear analysis this value may
be changed

NEWT Same comment as for NCUT. If it is equal to
-20, a true Newton-Raphson method is used
(update the stiffness matrix on every
iteration.)

NSTRAT This parameter controls the solution strategy
used in the analysis. If it is positive,
then a modified Newton-Raphson method is
used. If it is equal to -1, the Riks method
will be used. Traditionally, the postbuckling
response of a structure has been obtained
analytically using the modified Newton-Raphson
solution procedure of the STAGSC-l computer
code by incrementing a load parameter and
solving for the corresponding solution vector.
Structural instability is indicated by a
failure of the modified Newton-Raphson solu-
tion procedure to converge, even with a very
small load step, or by a change in sign of
the determinant of the tangent stiffness
matrix. The problems associated with the use
of a load parameter as an independent para-
meter are related to solution prediction
beyond a limit point and to ill-conditioning
of the tangent stiffness matrix in the neigh-
borhood of a limit point. The Riks method
based on controlling an equilibrium-path-arc-
length parameter instead of the traditional
load parameter has been introduced into the
STAGSC-l computer code. The Riks method
eliminates one singularity in the tangent
stiffness matrix at critical points that
causes major computational difficulties.
Using the Riks method, solutions along the
unstable equilibrium path of the postbuckling
response can be predicted provided only one
eigenvector is dominating the response (i.e.,
there is no modal interaction or change in
buckle pattern). As implemented in the

:
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STAGSC-1 computer code, the Riks method may
require frequent updating and refactorization
of the tangent stiffness matrix to follow the
unstable equilibrium path if the eigenvalues
of the tangent stiffness matrix are closely
spaced. The implementation of the Riks
method is such that the load step size will
not increase after it has been cut in order
to trace an unstable equilibrium path. The
Riks method is very useful but requires the
analyst to carefully watch the progress of
the analysis.

DELX This parameter often has to be changed on
restarts in order to allow a nonlinear solu-
tion to proceed. If this error tolerance is
too large, and the stiffness matrix is be-
coming nearly singular due to a buckling
phenomenon, then the small errors accumulated
tend to cause numerical problems with the
stiffness matrix unless DELX is lowered.

WUND The use of this factor was not discussed in
the User's Manual. WUND is an overrelaxation
factor that the program changes internally.
It is recommended that the program be allowed
to select its own value (i.e., do not input a
value for WUND).

(D-2) Note that if IPRINT is set to a value of 1 or
3, the buckling modes are not written to
TAPE22.

(G-2) Partial compatibility contraints are defined
via a base freedom and a slave freedom that
is equated to the base freedom. These con-
straints are shown in the computational
degree-of-freedom table. Note that these
constraints apply only to the nodal freedoms
and not to the variation between nodes (i.e.,
not enforced at midside nodal d.o.f.).

(G-4) CC(I) The coefficients used for the constraints
AD should be of the order one because of how the

terms of the stiffness matrix are scaled
during decomposition.

(1-2) Be careful in defining material properties.
The nomenclature used in STAGSC-l is not the
same as used in many books -n composites. A
check is that if El > E2 then V21 will be the
larger Poisson ratio, i.e., V21>V12.

"" i ..



(.1-1) The "bar" axis used in deftning the section
properties will he oriented (using the "0"
cards) with respect to the "prime" axis
defined at each row-column intersection or
"node" (See Figure 3 [1]).

SCY For an example of calculating these factors

see Section 2.3.1.

(K-i) Note that a maximum value of NLAY is 50.

(M-2A) All angles are in degrees. PR P(5) for
ISHELL=5 (cylinder) is R not R

(N) These cards enable a user to define irregular
grids, specialized grids, or uniform grids.

(Q-3) LT Irrelevant for initial conditions but cannot
be zero.

(R-1) This card defines most of the output informa-
tion that is desired. However, additional
stress output control can be obtained with
cards (K-2) for walls and some of the stif-
fener or ring cards (J-1).

1.3 OUTPUT AND CLARIFICATION OF SELECTED OUTPUT INFORMATION

This section discusses interpretation of selected output

information from the STAGSC-1 program. Information judged

evident or obvious has been omitted. The emphasis here is to

discuss topics that the user of other finite element codes may

not be familiar with and also to present a few self-checks for

! 0the inexperienced user.

A sample input job control language (JCL) to run the VAX

version of STAGSC-1 is presented in Figure 1. The use of various

FORTRAN units is indicated. The preprocessing program which must

be run at least once for each new data deck is STAGS1. If de-

sired, the output from STAGS1 may be saved from FORTRAN unit 2

and used in subsequent restarts. This was not attempted for this

report since, generally, the preprocessing was inexpensive.

As shown in Figure 1, after running STAQS1, STAGS2 is run.

3'AGS2 is the actual finite element solution procedure. The

output from each program is now discussed.

,q"

•* : . - . : . -• , . : .v .:



e 7

41 PROCLDUkL TU EXLCUTE STAGS1 AND STAGS2

S SET DEF (,STAGS)
S SET VLNIFY

31 COMMENTS - JObONEINP a INPUT DATA FILE
31 JUBONERST = FILE TG SAVE DISPS FOR kESTART
i OUTPUT VAILL BE SENT TO SYSTEM PRINTER
S
. ASSIGN JUSUNEINP FORO05
S RUN (STAGSCI)STAGSIEXE
S ASSIGN JOBUNLRST FOR020
S RUN (S1AGSC1)S7AGS2,EXE

w.

'-.

Figure 1 Job Control Language (JCL) for Executing
STAGSC-l on the VAX
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I1 3.1 Preprocessing (STAGSI) Output

"-' This output is generally not dependent upon the type of

[ analysis to be performed (linear, buckling, nonlinear, etc.).

-. Most of the output from this phase of solution is self-

. explanatory, but the following comments are included for the

[. ][. beginner :

<[] (1) When preparing the Input data deck, put the appropriate

~card identification ((B-1) etc.) as a comment to aid in

debugging and future reference.

(2) Look over the "INPUT DATA CARDS" echo for any obvious

mistakes.

()Don't worry about computer memory or timing information

unless problems occur or timing estimates seem very

large.
)Check the mesh SURFACE COORDINATES vs. the GLOBAL

CARTESIAN COORDINATES to see if they make sense.

()Check ring and stringer locations.

(6) Check constitutive matrices to see if they appear to be

the right order of magnitude.

(7) Check loads data.

()Note the COMPUTATIONAL DOF ASSIGNMENTS for future

reference (Section 1•3.2).

Generally, the best check of a model is to run a simple case

where expected results can be calculated by hand. In this case

the output from STAGS2 (solution phase) might be checked first.

The output from STAGS1 might then help to determine possible data

errors. However, a mistake in the input will sometimes have

little effect on the output for your test problem, but will then

cause problems when the real problem is run. Hence, it is recom-
mended that the output from STAGS1 be given at least a cursory

check before the model is considered correct l

10
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1.3.2 Solution (STAGS2) Output

As stated above, the best check of a model is a simple test

case for which known solutions can be independently calculated.

For complicated structures for which a hand calculation may be

diifficult to obtain, there is at least one test case that can

always be run.

First, a set of boundary conditions Is picked that adequate-

* ly prevents rigid body motion of the structure. Next, displace-

anents are prescribed for those boundary points (such as a unit

* displacement). The output should show that all displacements of
the structure are equal to the prescribed boundary displacements.

This may be generally run for six separate load cases, each load

case prescribing a unit displacement or rotation for each of the

coordinate directions.

With reference to the output from STAGS2, the following

* checks and comments apply:

(1) Check the displacement output to ensure that reasonable

values are being obtained and that the proper boundary

conditions have been enforced. The displacements for

the linear solution are used to determine initial

stresses for a buckling analysis. These displacements

are also used as initial starting vectors in a nonlinear

analysis.

(2) Equilibrium forces should be very small numbers except

for points where boundary conditions or applied loads

exist.

*(3) Force resultants are either in units of force/length or

moment/length.

(J4 ) Stresses in composite plates depend upon the ply that

is being examined. Strains often produce more realily-

interpreted information.

21
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(5) The MODE DISPLACEMENTS only give the pattern of the

buckled structure but yield no information as to the

actual displacements that occur after buckling; a non-

linear analysis is required for this. The modeshape is

usually normalized to its maximum value. Check these

displacement patterns to see if reasonable results have

been obtained.

(6) In nonlinear analysis, often convergence during the

first few steps will not occur if the first load step

is too large. If this is suspected, examine the step 0

(linear) displacements and the step 1 (nonlinear) dis-

placements. They should be approximately equal. If

they are not, the first load increment being used may

be too large and cause inaccurate solutions later on.

The inaccurate solutions may cause nonconvergence later

in the analysis.

(7) Various elements have additional degrees of freedom

associated with them. These additional degrees of

freedom are discussed briefly in Section 6 of [1] and

in slightly more detail in Section 4.3 of [2]. The

example runs in this case used the 411 element which

prints out an additional rotation labeled RW2. This

is a measure of the individual elements out-of-plane

rotation (see Table 6.3.1 of [1]).

Diagnostic messages from STAGSC-1 are generally adequate

for debugging a model although often one has to hunt through

voluminous output to find them. Section 7 of [1] should be read

since it explains most of the non-obvious messages. One comment

which applies to most finite element codes, including STAGSC-1,

will now be discussed.

I"6
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Often a great confusion for inexperienced finite element

code users stems from messages concerning singular or nearly

singular stiffness matrices. One output from STAGSC-l is the

* determinant of the stiffness matrix, sometimes accompanied by

comments as to whether the matrix is ill-conditioned or not.

The determinant of the stiffness matrix is computed as follows.

The stiffness matrix is decomposed (factored) into the form:

K = UTD U

where

U is an upper triangular matrix with l's on the diagonal.

D is a diagonal matrix.

Therefore, det(K)=det(D), which is just the diagonal terms of D
multiplied together. Therefore det(K) depends on the size of K

and will be very different if a 100 x 100 matrix or a

10,000 x 10,000 matrix is being decomposed. Therefore, det(K)

does give a measure of the singularity of K but not really a very

good one. Often when a singularity occurs, STAGSC-l also prints

out the smallest diagonal term after factorization. This is the

smallest element of the D matrix above. By noting the equation

number for the smallest diagonal term and cross-referencing to

the COMPUTATIONAL DOF ASSIGNMENTS (Section 1.3), the row-column

* location of a potential problem area may be found. STAGSC-l has

an option to remove singularities In the stiffness matrix which

basically constrains that degree of freedom to zero. This option

is appropriate in most situations, but a judgment should be made

* to ascertain whether the other displacements and EQUILIBRIUM

FORCE BALANCES ((2) above) are reasonable before accepting the

validity of the results.

U1
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2.0 SAMPLE PROBLEMS INPUT, OUTPUT AND INTERPRETATION

In this section various sample problems are presented. The

problems are presented in order of complexity. The problems

include flat and curved plates, stiffened and unstiffened, linear

static, buckling and nonlinear analysis.

In all sample problems the 411 element was used. Selecting

the best element often depends on the problem. The 411 element

was chosen here based partly on comments in Section 6.0 of Ref-

erence [2] and partly on previous experience. Since the 411

element has been found to perform acceptably for most problems,

it is recommended here for the beginner. Once experience has

been gained, the user may experiment with other elements in order

to determine their relative merits. For more detailed studies

and discussions of STAGSC-1 elements the reader is referred to

References [2] and [6].

2.1 FLAT COMPOSITE PLATE

This section describes four sample runs performed on the

flat square plate of Figure 2. The dimensions, layup and loading

are shown in Figure 2. The boundary conditions for the plate are

"classical" simple supports. The inplane (X and Y) translational

boundary conditions are shown in Figure 2. The input and output

Prom the four sample runs will now be described.

2.1.1 Input for Linear Statics (KNCOMPO)

Figure 3 shows the input for a linear statics run. The run

12 given the label KNCOMPO for future reference and for cross-

referencing to the computer printout. As can be seen, appropri-

ate comments have been placed in the input listing of Figure 3 so

that it is fairly self-explanatory. All cards in the input have

b,en identified as to their type using the STAGS nomenclature

!--i,, (C-i) etc. For a full explanation of any particular card

type, see the appropriate data card (Section 3) of the STAGS

User's Manual [1].

1 14
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Row 7
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The first card must always be a comment card. The second

ca rd Ut. alled the Analysis Type Definition Rocord and is denoted

as card (B-i) in the STAGS User's Manual. The "B" type cards

define overall properties of the model such as how many different

materials are being used, etc. The load factor of 1.0 on the

(C-i) card is the factor that multiplies the load system that is

later defined on the "Q" cards. Material properties are then

defined on the "I" cards. The "K" cards define the number of

layers and the layup of each layer for each wall. They are re-

peated if more than one wall ID exists (No. of shell wall iL

given on (B-3)). The "M" cards define the shell type (rectangu-

lar plate in this example), the shell dimensions, and the

associated wall ID. The "N" cards define what element type is to

be used and whether reduced or standard integration is to be used

(reduced integration is generally recommended). The "P" cards

define the boundary conditions; the "Q" cards define the loads;

and finally, the "R" card defines output options and control.

The changes to be made to "KNCOMPO" in order to perform the

next analysis, which is a buckling analysis, are noted in

Figure 3. Thus, the only modification required in the present

example is to change the (B-i) card and add in two additional

cards (D-2) and (D-3) which will be explained under the linear

buckling input description.

2.1.2 Linear Buckling Analysis (KNCOMP1)

Figure 4 presents the input for a linear buckling (or linear

bifurcation) analysis. The linear buckling analysis differs from

the nonlinear buckling analysis in that the pre-stress state for

the linear analysis is obtained from a linear stress analysis.

* See Reference [1l or [3] for further details concerning these

differences. As can be seen, most of the input cards for the

buckling analysis are the same as the linear stress analysis.

The main difference is the inclusion of the (D-2) and (D-3) cards

and the first entry on the (B-i) card. An abbrcviated explanation

of these cards is included in Figure 4. Additional information

17
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may be found in Section 1.2 and in the STAGS User's Manual. The

circled Items in Figure 4 indicate modifications to be made for

changing to a nonlinear analysis.

2.1.3 Nonlinear Analysis, Triggering Load Included (KNCOMP3)

Figure 5 shows the input for a nonlinear static analysis of

the previously described plate. Compared to Figure 4, the (B-i)

card is changed to select the nonlinear analysis instead of the

buckling analysis. The (D-2) and (D-3) cards have been removed

since they only apply to buckling analysis, and the D-1 card was

inserted. The (C-1) card has been modified so that the initial

load factor is 1.0, the increment in load is 1.0 times the initial

load, and the maximum load factor is 20. The (R-1) card was

changed although this was not necessary. The modification of the

(R-l) card was to print stress resultants every other step as

opposed to every step. Figure 5 also includes a load used to

trigger the initial buckling mode of the flat plate being analyzed.

From the linear buckling analysis (or a hand analysis in this

case), the initial buckling mode may be determined. Additional

(Q-2) and (Q-3) cards were then added to apply a small force

(.001 lbs), normal to, and at the center of the plate. Also, the

(Q-1) card had to be modified to allow two loading systems, and

the (C-i) card was also modified. As can be seen, the (C-1) card

applies load system A in the same manner as before. The B load

system however is "frozen" at its initial load (max load factor

on (C-i) for load system B = 1). The output from this analysis,

to be discussed in 2.1.5, shows that the anticipated result was

obtained.

2.1.4 Nonlinear Analysis, Displacement-Controlled (KNCOMP4)

Figure 6 shows the input cards which now allow the load to

be applied in terms of end-shortening or end-displacement of

side 1 of Figure 2. As can be seen from Figure 5, the only

modification required was that of the first (Q-1) record. The

new (Q-3) now specifies an end-displacement of 5.0 x 10 - 5 inches

15
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7. 7.. - 7

as the initial load. The reason for changing to a displacement

controlled analysis was to attempt to load the plate through the

buckling region. In general, this will be easier using displace-

ment control since the stiffness matrix is constrained by the

specified displacements; thus the stiffness matrix should not be

as ill-conditioned as in a load-controlled situation. However,

if the postbuckled structure softens drastically after buckling,

then a solution through postbuckling may be quite difficult and

_ require many restarts to accomplish. The present example is such

a structure and will be discussed further in Section 2.1.5.

2.1.5 Discussion of Output and Results

The output for jobs KNCOMPO through KNCOMP4 is presented in

0* the appendix. Section 1.3 covered general interpretation of the

output. Section 4.0 contains an annotated output for run KNCOMP4,

which is a nonlinear analysis. Since most of the preprocessor

(STAGS1) output and much of the solution (STAGS2) output for the

linear statics (KNCOMPO) and linear buckling (KNCOMP1) are the

same, the reader is referred to Section 4.0 for interpretation of

this output. Additional comments on the buckling output (KNCOMPl)

concerns the displacements. STAGSC-l prints out several sets of

displacements during a buckling analysis. The first set labeled

"DISPLACEMENTS -- LINEAR SOLUTION " are the displacements

obtained using a linear statics solution to the problem. The

next set labeled "DISPLACEMENTS MODE i" are the i'th modes' dis-

placement pattern, and are not actual displacements. They are

simply the displacement pattern and are usually normalized to a

" nmaxinum value of 1.

Run KNCOMP3 is a nonlinear analysis with a small out-of-

plane load (.001 lbs.) used to trigger the buckling mode. Load

.r-,nt-o was used to increment the load. The plot of maximum out-

of-dlane displacement versus end-shortening (Figure 7) shows that

reasonable results are being obtained. Figure 8 indicates that

the load in the skin (Nx) still appears to be linear prior to the

*o*.
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theoretical buckling load (15 lb/in). If the analysis were con-

tinued through buckling, one would expect N. to begin to increase

less rapidly with increased end-shortening. Note that at load

step 9 (N X = 14.75) the solution failed to converge. This is du,

to the fact that at the buckling load (Nx = 15), the stiffness

matrix is singular for a load-controlled situation. Figures 8

and 9 were plotted using a separate plot routine not associated

with the STAGSC-l program.

Run KNCOMP4 was an attempt to use displacement control on

the previous problem to allow solutions to be obtained through

buckling. When a structure is loaded using displacement control,

the stiffness matrix should not become singular for this problem,

assuming the controlled displacements are chosen correctly. This

*is because when displacements are controlled, the stiffness matrix

has the controlled degrees of freedom eliminated; thus, if the

proper displacements are controlled (i.e., eliminated) the stiff-

ness matrix will be rendered nonsingular. This will not always

happen; for example, if a structure has several buckling modes

that are not properly constrained, then the stiffness matrix will

become singular due to the other buckling modes forming. In this

example, the results are actually worse than those using load

control. This is therefore another example of the often quoted

minpredictability of nonlinear analysis. The displacement con-

trolled approach will probably yield better results by sharpening

(lecreasing) the convergence criteria (DELX) and forcing the

stiffness matrix to be updated more often. This approach will be

discussed in Section 2.4 where it was used successfully. Note

that the results obtained for KNCOMP3 and KNCOMP4 are not "wrong;"

the solution, however, did not proceed as far as one might be

interested in going. The interested reader is encouraged to run

these problems and attempt to "extend" the solution obtained

here.

q2

.. . .* * \* ; * -.



2.2 FAT C)MPOSITE PLATE WITH STIFFENERS

This section describes a model of the flat plate shown in

Figure 9. The plate has three stiffeners and is subjected to the

shrear load shown in Figure 9. The plate dimensions, layup, and

stiffener properties are also shown in Figure 9. The boundary

conditions will be described in Section 2.2.1. This sample

demonstrates one option, the general stiffener section, for

modeling stiffeners and also demonstrates the use of different

initial and incremental boundary conditions on a structure. Note

that the use of either the general stiffeners or of the subelement

stiffener cards precludes certain stiffness distortions (see

Appendix A for more on this).

2.2.1 Shear Buckling

The input file (CA2STIF) for the present problem is shown in

Figure 10. Again, the input data cards have been defined in

terms of STAGS nomenclature, and extensive comments are present.

Differences between this input and the input for the plate of

Section 2.1 will be described.

The input required to allow stiffeners (or rings) in a model

affects the (B-2), (B-3), (F-2), "J", and "0" cards. The (B-2)

and (B-3) cards state the number of shell units with discrete

stiffeners and the number of different section property descrip-

tions. For each shell unit, the (F-2) card states how many rings

or stiffeners are present. The (J-1) and (J2-A) cards are then

repeated for each section property description. Finally, the

(0-2A) and (0-2B) cards are repeated the number of times defined

on the (F-2) card; i.e., for each stiffener.

The present example demonstrates the use of different
boundary conditions for the "pre-critical" stress state and thO

"Incremental" solution. STAGS terminology "pre-critical" and

"lr.crernental" are now explained. In performing a linear buckling

analysiLs two matrices are needed, the small displacement stiff-

ness matrix K and the no called geometric stiffne:s matrix KG.

2) (
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L

KG is formed based upon a set of stresses and is a linear func-

tion of the stresses. The stresses used to form KG are round

from a linear statics solution using the "pre-critical" boundary

conditions specified on the (P-1 and 2) cards. An eigenvalue

analysis is then to be performed, specifically the eigenvalue

problem,

(K + A KG)x = 0
G

is to be solved for a specified number of eigenvalues X and

eigenvectors (or modeshapes) x. The boundary conditions used to

form the matrices in the above equation are the so called

"incremental" boundary conditions and are specified on the (P-3)

card. Appropriate rows and columns are added or deleted so that

K. and K are the same dimension. As can be seen, the buckling

analysis is "inconsistent" in that the stresses are calculated

for one boundary condition, while buckling is calculated for

another boundary condition. However, this option may be used for

rodeli.ug more complex situations. The beginning user is advised

to experiment with and understand this option before utilizing

it.

2.2.2 Output Discussion

The output for CA2STIF is contained in the appendix. The

output obtained here is similar to the output discussed previously

ir,(IcctLon 2.1.5, hence discussion will be brief. One point to

note in the output is the presence of a negative eigenvalue.

i, t n:Lcates that the loads applied in the buckling analysis

.. it actually be reversed in order to buckle the structure in the

'"rst .2(ve (since only the first eigenvalue is negative for this

t That is, if the loads were reversed and the same

*, <Lni analysis were repeated, then the first elgenvalue would

t- posltve and would have the same absolute value obtained in

t',, apr>f:nl~ix. The critical buckling load in the present case is

. , " . . . __ ,. .. ... .



Ncr = -3826.3511 x 1 lb/In -3826.35 lb/inxy

since the applied load was 1 lb/in (see (Q-3) cards). That the

applied load is 1 lb/in may be verified by examining the

"EQUILIBRIUM FORCES" and noting that the accumulated force for

row 1 in the Y direction is 20 lbs, which is 1 lb/in for a 20 in.

wide panel.

2.3 CYLINDRICAL SHELL WITH STIFFENERS

Figure 11 presents a model of a curved panel with T stiff-

eners. The panel dimensions and loading are shown in Figure 11.

The detail of the stiffener geometry is shown in Figure 12.

Additionally, the auxiliary "bar" coordinate system which is used

in describing the stiffener geometry and the relation to the

shell "primed" coordinate system is shown. This example illus-

trates the use of a cylindrical surface definition, the subelement

option for defining stiffener and ring cross sections, and the

use of imposed displacements as loading conditions.

2.3.1 Compression Buckling of a Cylindrical Shell

Figure 13 presents the appropriate input data for performing

a buckling analysis of the cylindrical shell of Figure 11. The

shell definition is affected using cards (M-1), (M-2A), and (M-5).

The stiffeners are defined as in Section 2.2, except (J-3B) cards

are used to define the cross section instead of the (J-2A) cards

used in Section 2.2. The (J-3B) cards are repeated for each

subelement and specify the locations of the rectangular subele-

ments in terms of the "bar" axis of Figure 12. Points for stres:;

recovery are defined on the second (J-3B) card. The "bar" axis

orlentatLon relative to the "primed" axis (defined at each nodc)

is specified on (0-2A) cards along with the cross section

identification numbers.
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Top iew~ ~K11~.1167 rad (TYP)

44

front View

C\j

Ro 7-)

~OW ~Side 3

14"1

Col 1 Col 7

g I Of COOvvd Cyl indricrI1 Panel with~ 'P _



2.0"1

subel ement .51

2 subelement 1

2.0"'
.050"

node on shell .0896"

Shear Center Location:
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Figure 12 Detailed Geometry of Stiffener
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The compression load is applied as an imposed displacement

of .001 inches on side 1. Additional output has been requested

on the (R-1) card and will be discussed in Section 2.3.2.

2.3.2 Output Descriptions for Compression Buckling of

Cylindrical Panel

The output for CYLl is contained in the appendix. Note, in

the STAGS1 output, the SURFACE COORDINATES vs. GLOBAL CARTESIAN

COORDINATES (Page 6 of output). This is a good check to ensure

that the shell option and input geometry is correct. See Section

1.1.2 of this report and Section 2 of [1] for further discussion

of surface coordinates. In order to validate this model, an

additional run with a small modulus input for the stiffeners was

made. The results of this analysis (essentially no stiffeners)

was then compared to the exact solution for a curved panel [4].

2.4 ONE-BAY MODEL OP STIFFENED SKIN

The final sample problem is a one-bay model of a stiffened

skin panel. The stiffened panel to be analyzed is shown in

Figure 14. It was found from tests of the panel that the stiff-

eners were so stiff that buckling of the skin was the only

concern. The buckle pattern was established and it was found

that only one-half of a bay needed to be modeled as depicted in

Figure 14.

This sample problem illustrates the following techniques and

capabilities of STAGSC-l:

* Use of symmetry in modeling

Use of linear buckling to establish preliminary

buckling load

Use of imperfections in triggering desired buckling

patterns in nonlinear analysis
The restart capabilities

36
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Since this report is aimed at the beginner in finite element

analysis some comments on the use of symmetry are in order.
* Symmetry, when it can be established, enables the modeler to

*model only , portion of a structure. For example, in the linear

static analysis of a simple plate, loaded by uniform endloads

along the length of the plate, only a quarter of the plate needs

to be modeled. Appropriate symmetry conditions for the center

lines of the actual plate are then used as boundary conditions

for the quarter model. This allows not only a much more economical

* solution to the problem, but a solution which is actually more

accurate than if the entire plate were modeled. If the entire

* plate were modeled, and the symmetry conditions were not obtained

in the displacement output, the differences could only be attrib-

utable to numerical round-off or the inaccuracy of the finite

elements used. The ability to detect symmetry conditions will

not only allow the engineer to perform more cost effective

analysis, but also allows the detection of certain modeling

errors. Additionally, detection of symmetry conditions indicates

good engineering intuition and understanding of the physical

problem. However, in buckling analysis, the buckled mode must be

known before symmetry can be used. Erroneous answers will result

* if boundary conditions are imposed which do not allow the correct

* buckle pattern for the entire plate. In the following example,

half of a stiffened skin bay was modeled. This was allowed since

the buckled pattern was known prior to the analysis.

2.4.1 Linear Compression Buckling

The mathematical model is shown in Figure 15. Boundary

0 conditions, panel geometry and ply layups are also presented.

Thie mnain purpose of this analysis was to perform a nonlinear

* an~i'ys~s of the post-buckled skin-stiffener combination. In

order to get a feel eor the buckling load, a linear buckling

* analysts was first performed. The input (GDCPAN1) is presented

* Ln Firure 16. The input is well documented with comments and is
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Side 1
Row 1 -y

Spec if ied
End -Shorteninq

6*.0011"

NROWS *21

NCO. 5

- - - - 'stiffener

17"- - - - I

8 plies (0/!45/90O]s

t l .0052

IL 18.6 x 10 6 psi

E 2 x 10 6 psi

GST - .8 x 10 6 ps

VL 31

(Note: For STAGS
V 1P V ~ * 0333)

Row 211e

3.18"

COL I COL S

Figure 15 Symmetric One-Bay Model of Stiffened Skin
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very similar to that previously discussed in Sections 2.1.2 and

2.3.1. The output for the buckling analysis is labeled GDCPAN1

and will be discussed in Section 2.4.5.

2.4.2 Nonlinear Analysis with Initial Imperfections

As discussed in [i], it is often necessary to use initial

imperfections in a nonlinear analysis to "trigger" the buckling

mode. This was found necessary for the present panel. The first

nonlinear analysis simply loaded up to several times the buckling

load with no indication of nonlinearity. Thus, an approximation

to the buckling pattern shown in Figure 17, from GDCPAN1 was used

as an initial imperfection pattern. Alternately, the buckling

mode calculated in Section 2.4.1 could have been saved on TAPE22

using the (B-2) card and then used here via the (B-2) and (B-5)

card combinations. The input for the analysis is shown in Figure

18 and will be referred to as GDCPAN7. Besides adding in the

appropriate cards for changing from a buckling analysis to a

nonlinear analysis (discussed in Section 2.1.3), the following

changes are made:

Card (B-i) specifies to save all displacement data

Card (C-i) specifies to save both the element

(unfactored) and the factored stiffness matrices

Card (M-6) defines the initial imperfections

The JCL to save the appropriate files for this analysis is shown

in Figure 19. The displacement data is saved on GDCPAN7.SOD and

is always output on FORTRAN unit 22. Similarly, the element

(unfactored) stiffness matrix and the factored stiffness matrix

are output on FORTRAN units 23 and 24, respectively. The output

for this analysis will be discussed in Section 2.4.5.
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PROCEDURE TO EXECUTE 5TAGS1 AND STAGS2

S SET DEF (.STAGS,)
5 SET VERIFY
S ASSIGN GDCPAN7.INP FORO05
$ ASSIGN GDCPAN7.0UI FOROOb
$ RUN (STAGSCI)STAGSI,EXE
$ ASSIGN GDCPAN7OU2 FOROO6
S ASSIGN GDCPAN7.SOD FOR022
$ ASSIGN GDCPAN7.KEL FOR023
S ASSIGN GDCPAN7,KFA FOR024
$ RUN (STASCI)STAGS2.EXE0

F inure 19 JCT, for' Saving Data from GDCPAN7
"or Restart

45
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2.4.3 R estart of Nonlinear Solution with Stiffness Matrices

The input for restarting the GDCPAN7 run is presented in

>,'igure 20 and is labeled GDCPAN8. The only difference between

this input and that of GDCPAN7 is that the (C-l) card is modified

to start the load increment at one of the previous solutions

(.9281 5 in this case), and the stiffness matrices are read but

not :aved. It is noted that in order to restart, the stiffness

* matrices need not be saved; only the displacement data is neces-

:;ary. Also, the (C-1) card specifies that a load step .05 be

used compared to the previous value of .10. The (D-1) card

specifies to start at the twelfth step of the previous analysis

(load factor = .928125). The JCL to run GDCPAN8 is presented in

:-Piure 21. The displacement file saved as GDCPAN7.SOD is equiva-

* ienced to FORTRAN unit 20 for restart. The displacements to be

:2aved trom ODCPAN8 are saved on GDCPAN8.SOD and are equivalenced

to PORiTRAN unit 22. The stiffness matrices are equivalenced to

the same units that were used to save them (23 and 24). Note

that STAGS does not have an option to read both factored and

*infactored stiffness matrices and write out the latest factored

*.nid unfactored matrices in one run.

2,.4.4 Restart of Nonlinear Solution without Stiffness Matrices

The input presented in Figure 22 is now used to restart run

G[)CPAN8. The (C-1) record indicates that the initial load factor

tu be used is 1.278125 and that stiffness matrices are not to be

* read. Thus, only the displacements will be used in the restart

procedure. Also, the (C-1) card specifies that the load step be

'25 an i that loading proceed until a factor of 1.75 is obtained.

Carpi (D-1) specifies that loading will start with the eighteenth

0 v step from the previous solution and the convergence factor

(X) >nas been reduced to 1 x 10-6. The reduction of load steps

Ir d a' owable convergrence error are typical techniques used to
[nirove convergence in nonlinear analysis. Also, the updating of

t 2ticfness matrix every step ((D-l) cnrd) increases the rate

c j;onvfn,.. Thes, various procedures of nonlinear analysi:3

in Section 6 of [i] and Chapter 6 of [2].
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$1 PROCEDUR~E To EXECUTE STAGS1 AND STAGS2
s

* -$ SLT DEF (.STAG&)
S SET VERIFY
6 ASSIUN GDCPAN8,INP FOR005
4 ASSIGN GDCPAN8.OUI FOR006
S RUN (STAGSCI)STAGSIEXE
S ASSIGN GDCPAN8.0U2 FOR006
S ASSIGN GDCPAN7.SOD FOR020O
$ ASSIGN GLCPAN8.SOD FOR022
6 ASSIGN GDCPAN7.KEL FOR023
S ASSIGN GDCPAN7.KFA F0R024
$ RUN (ST.AGSCI)S7AGS2.EXE

Figure 21 JCL to Run GDCPAN8
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Figure 23 presents the JCL to run GDCPAN9. As can be seen,

the displacements saved from GDCPAN8 (GDCPAN8.SOD) are equiva-

lenced to FORTRAN unit 20 while the current displacements are

being saved on FORTRAN unit 22 in case another restart is required.

The output for this run will be discussed in Section 2.4.5.

2.4.5 Output Discussion of Half-Bay Stiffened Skin

Runs GDCPAN1, 8, and 9 are contained in the appendix.

GDCPAN1 is a standard linear buckling analysis which predicts a

total buckling load of: P = XP' = 4.584 x 158.15 = 725. The

value of P' = 158.15 lbs is obtained from the output under

"EQUILIBRIUM FORCES -- LINEAR SOLUTION" and is the accumulated

force on row I for an enforced displacement of .001 in. GDCPAN7

is a displacement controlled run which uses initial imperfections

obtained from GDCPAN1 to trigger the buckling pattern. GDCPAN7

was run until a load step of .928 of the theoretical buckling

load. At this point, insufficient computer time was left to

continue the analysis. The stiffness matrices and displacements

vectors were saved to restart the problem.

GDCPAN8 is a restart of GDCPAN7. The load step was halved

due to anticipated problems with convergence. The run continued

loading from the previous .928 to a load factor of 1.28. At this

point, insufficient time was again the reason for termination of

the run.

GDCPAN9 restarted GDCPAN8 only using the displacements from

the previous run. The load was successfully applied to a load

factor of 1.75 times the initial buckling load. Normal termina-

tlon then occurred. Both the load step and displacement error

(DELX) were made smaller in anticipation of convergence problems.

The maximum out-of-plane displacement vs. end-shortening is

presented in Figure 24. As can be seen, nonlinearities occur at

a;ir; eid-shortening of about .003 inches which is less than the

critical end-shortening (.005 in.) predicted using the buckling

analysis. Figure 25 shows the total load and the load in the

stiffener as a function of end-shortening. As can be seen, a
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$I PROCEDURE TO EXECUTE STAGS1 AND STAGS2

4 SET DEF (,STA6S)
5 SET VERIFY
3 ASSIGN GDCPAN9,INP FOR005
S ASS16N GDCPAN9.OlUl FOR006
S RUN (STAGSCI)STAGSI.EXE
S ASSIGN GDCPAN9.oU2 FOR006
S ASSIGN G0CPAN8,SG0 FOR020
$ ASSIGN GDCPAN9.SOD F0R022
S RUN (STAGSCI)STAGS2.EXE

P'igure 23 JCL for GD)CPANS)
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slight decrease in linearity and load occurs near the end-

shortening of .005 in. which is as anticipated. The stiffener

load remains essentially linear due to its high stiffness and

constraints imposed along its length.

For comparison, another load vs. end-shortening curve for

this panel is presented in Figure 25. This curve was predicted

using the PANCLP [5] program. Comparing these two curves indi-

cates reasonable agreement between STAGSC-l and PANCLP. It is

noted that due to the specialized nature of the PANCLP program,

its associated computer cost was about one-tenth that of the

STAGSC-1 program.

3.0 ADVANCED PROBLEMS

Appendices A through D contain four examples of STAOSC-1

advanced modeling capability. These examples were contributed
by Norman F. Knight Jr. of NASA Langley Research Center whose

helpful comments and example problems are here acknowledged.

The sample problems are considered fairly self-explanatory

and are not elaborated upon herein. Appendix A is a study of

modeling the distortions of stiffeners using STAGSC-1. Appendix

B is an example of how to model a multi-branched structure.

Appendix C is an example of modeling a complex "pear" shaped

shell. Appendix D presents an example of utilizing the "User

Written Subroutine" capability of STAGSC-l. These examples
should aid users of STAGSC-l in utilizing these more advanced

capabilities.

4.0 ANNOTATED OUTPUT FOR NONLINEAR ANALYSIS (KNCOMP4)

Appendix E contains portions of the output from an analysis

previously described (KNCOMP4, Section 2.1.4). Since it is often

dirfCi-lt to explain something without seeing it, Appendix E

pr;esits the output with abbreviated explanations printed on the

* (tuai output. HReFer back to Section 2.1.4 for details concerning
trie mo~iei's geometry, loads, etc.

6
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APPENDIX A

REQUJIRED MODELING DETAIL

FOR STIFFENED PANELS



REQUIRED MODELING DETAIL IDENTIFIED FOR STIFFENED

PANELS WITH BUCKLED SKINS

Norman F. Knight, Jr.
Structural Mechanics Branch, SDD

Extension 4585
November 13, 1981

(RTOP 505-33-33)

The design of stiffened panels with buckled skins is of considerable interest
to the aerospace industry because of the significant weight saving potential ot
buckled skin designs when compared with buckling resistant desiqns. In buckled
skin designs, local skin bucklinq is allowed which results in additional load
being transferred to the stiffeners. Because postbucklinq deformation shapes
can be highly complex, the analytical modeling detail that is required is not
known in advance and must be established for each stiffened panel design. One
modeling criterion that appears to have merit is based on the requirement that
the model used to predict the postbuckling response of a stiffened panel must
first predict accurately the initial buckling response. With this criterion in
mind, a study was made to identify the modeling detail required by a nonlinear
finite element code called STAGS that can be used to study the postbuckling
response of stiffened panels. The buckling load and corresponding mode shape
obtained with PASCO, an efficient and accurate code for calculating only ir-

*1 tial buckling results, were used as the standards for comparison in this study.
The panel selected for the study is a flat graphite-epoxy panel with a 16 -ply
skin and four I-stiffeners. The buckled cross section of the panel as deter-
mined by PASCO is shown in the upper figure. These buckling results indicate
that the stiffener webs deform and that local bending occurs near the skin-
stiffener interface.

Several STAGS models with varying levels of modeling sophistication in the
skin-stiffener region are shown in the table alona with the buckled cross sec-
tions. In the analysis of stiffened panels, the traditional approach has been
to model the stiffeners as discrete beams. A discrete beam model accounts for
extensional, bending and torsional stiffnesses and any eccentricities of the
stiffener by lumping these properties at the skin-stiffener attachment points.
As such, the discrete beam model, STAGS-i, neglects not only the cross sec-
tional deformations of the stiffener but also any local bending near the skin-

stiffener interface. The buckling load for the STAGS-i model is 10.6% smaller
than the PASCO results because the STAGS-i model has a larger effective stif-
tener spacing. The larqer effective stiffener spacing is a result of lumpinq
the properties of the attachment flanges at discrete points. In order to
model the local bending near the skin-stiffener interface, a plate model,
STAGS-2, of the attachment flanges is used and gives a buckling load which is
17.9% higher than the PASCO buckling load. The buckling load is hiqher because
the discrete beam representation of the stiffener webs used in the STAGS-2
mnodel does not allow for the rolling of the stiffeners. The next refinement,
SIAGS-3, treated the stiffener webs, in addition to the attachment flanges, as
plate elements which then allows both local bending and cross sectional defor-
mations of the web to he predicted accurately.

it appears that the level of modeling detail required for accurate nalystes ot
stiffened composite panels which are designed to operate with buckled skins
is qreater than the level of modeling detail that previously was used throuqhoOt
the discipline for huckling resistant panels.
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APPENDIX B

MODELING OF MULTI-BRANCHED STRUCTURES

61



5 BRANCH STIFFENED PANEL MODEL

PLOT NO. 1. UNIT 0

MODEL GEOMETRY

MIODEL SCRLE .2500E+00. ORIENT. z-15.00. -45.00. -6100

62



p-

5'IR#4CN STI~rENE -AIL MOOEL
3 1 1 1 1 0 SB-1

5 0 , 0 0 is B-2
0 2 $ 0-3

0.084E-2 $B-5
1.88906 O. 1 3 - sc-I

26 5 0 0 8 F 0 I.OE-4 SD-I
1795 17,3 17,7 17,3 17,5

C

7 DEFINE CONNECTfONS BETWEEN SHELL UNITS'
r

1 2 3 4 $ G-1
1 2 2 4 SG-1
3 2 4 4 $6-1

3 2 5 4 S 6-i

C DEFINE PARTIAL COMPATIBILITY CONSTRAINTS
C FOR UNIFORM END SHORTENING
C

3 1 3 1 1 1 0 1 SG-2
3 1 3 1 2 1 0 1 SG-2

3 1 3 1 3 i 0 1 SG-2
3 1 3 1 4 1 0 1 $G-2
3 1 3 1 5 1 0 1 SG-2
3 17 3 1 1 17 0 1 SG-2
3 17 3 1 2 17 0 1 SG-2
3 17 3 1 3 17 0 1 SG-2
3 17 3 1 4 17 0 1 3G-2
3 17 3 i 5 17 0 1 SG-2

MATERIAL AND WALL DATA
f.

1.3ZE7 .3 4.54E6 .101 0.0 9.8E6 0.0 s12-
I I I $ K-1
1 .084 $ K-2

? 1 1 $ K-I

1 .058 $ K-2

C UNIT 1
2 3 SM-i

0. 15. 0. 2.5 $ M-2A
0. 0. 0. $ M-4
0. 2.5 0. $ M-4
IS. 2.5 0. S M-4

1 ~~ SM-5. .

411 S

<i 11
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15 s R-1
C OINTT 2

2 3 S M-
o. 15. 0. 1.352 s M-2A

0. 2.5 1). $ M-4
. 2.5 1.352 S M-4

"5. 2.5 1.352 S M-4
"2 $ M-5

411 s
1- - 6 1 6 S P-i

*.. 0 0 0 $ -
" 1 5 S R- I

C UNIT 3
2 3 $ M-i
o. 15. 0. S. 0 s M-2A

0.0 2.5 0-0 S M-4
n. 7.5 n.0 S M-4

15. 7.5 0.0 $ M-4
H 1-5

411 $
1 6 1 6 S P-I

1 0 0 . Q-1
1 3 $Q-2

8000).0 1 1 1 3 0 $Q-3
-8000.0 1 1 17 3 0 SQ-3

0.0 -1 1 9 3 0 $Q-3 ELIMINATE U RIGID BODY MOTION
.1 5 $ R-!

C UNIT 4 s 3 M- I

0 . 15. 0. 1.352 S M-2A
0.0 7.5 0.0 1 M-4

0. 7.5 1.352 $ M-4
15. 7.5 1 .352 3 M-4

2 S M-S
411 s
i 6 1 6 S P-i
0 0 0 0 s i- I

1 5 S R-1
C ,NIT 5

2 3 S H-1
0. 15 P P. 2.5 s M-2A

0 . 7.5 0.0 S M-4

0. 10.0 0.0 s M-4

1.5. 10. 0.0 S M-4
* $ M-5

• .. 4+ I S
* 4 1 6 s P-I
. 0 0 0 I-I

-64
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5 BRANCH STIFFENED PANEL MODEL
21 1 3.0 0 S PL -Z

o 0 SPL-3
0.25 -15.0 -45.0 -60.0 1.0 SPL-4
1 0 -1 0 1 5 0 3 SPL-3
0.25 -15.0 -45.0 -60.0 2.SO SPL-4

1 0 -1 0110 0 3 -1 S L-3
1 0-1 0 1 15 0 3 0 0 - $ PL-3
1 0 -1 0 1 20 0 3 0 0 -1 S PL-3
1 0 -1 0 125 0 30 0 -1 S PL-3
1 0 -1 0 : 30 0 3 0 0 -1 S PL-3
1 0 -1 0 1 35 0 3 0 41 -1 t PL-3
1 0 -1 0 1 40 0 3 0 0 -1 S PL-3
1 0 -1 0 1 45 0 3 0 0 -1 S PL-3
1 0 -1 0 1 50 0 3 0 0 -I S PL-3

2 3 -1 0 1 5 0 3 SPL-3 -
0.25 .0 0.0 0.0 100.0 1O$PL-4

2 3 -1 0 1 10 0 3 0 0 -1 S PL-3
2 3 -1 0 1 15 0 3 0 0 -1 5 PL-3
2 3 -1 0 1 20 0 3 0 0 -1 S PL-3
2 3 -1 0 1 2S 0 3 0 0 -1 S PL-3
2 3 -1 0 1 30 0 3 0 0 -1 s PL-3
2 3-1 0 1 35 0 3 0 0 -1 S PL-3
2 3 -1 0 1 40 0 3 0 0 -1 & PL-3
2 3 -1 0 1 45 0 3 0 0 -1'$ P1.-3
2 3 -1 0 1 50 0 3 0 0 -1 $ PL-3
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APPENDIX C

0 PEAR-SHAPED SHELL MODEL

9o.-
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wA

IeMaterial Geometric Budr
Proper ties: Parameters: Conditions.

E = lpsi R = 1.0inch V W MXO0

= 0o.3 L =0.8inches

Y =0.1 lb/in' t =0.01 inches

RR

-~ R

Sample Problem No. 1, Pear Shape Cylinder

4(



PERSHPED CYLINDER $PL-1

PLOT NO. 2, UNIT 0

MODEL GEOMETRY

MODEL SCALE = .2500E+01. ORIENT. -15.00. -45.00. -60.00

5 68



PEAP-5HAPEO CYLINDER --- SYMMETRIC MODEL DOWN THE LENGTH %A-;
II I 0 0 5S -1

6 C 0 6 6 F8_2
1 0 1 Sb-3

1 9000 $D-?
2 sD- 3
5y 15 5, ,0 52 5,: 59ZO 5i0 SF-i GQIDc

CC SHELL UNIT C 9NN4F I,!;

2 ?4 F--

2 ? 3 4 sr,-!
3 ? 4 ~5~
4 2 5 4 SC1-I

5 2 4 $

. 6 2 jC-!

C MULTI-PC[NT C.NSTRAINTS FOR UNIFORM END-SHORTENING

C
1 11 0

j 1 2 " 1 I $e-?
1 j 1 i 3 0 1 Vg-?

I ; i * 0 1 , 2
. 1 5 1 0 1 $', 2

1 SI-I MATERIAL DEFINITION
. rE+7 0.3 0 0. 1 $1-2

1 .i $K- ,L L DEFINITION
I 0.0i tK-Z

C

C ON;T 1 Ti)P CURVrD PANEL
C

5 3 SM-i
0.0 0.4 0.0 9 I . 2M-2A
0.0 -0.7071 -0,2929 SM-4A

0.0 -,0.707! ! , 2 -)2"' SM-- 4B

0.4 *0.7071 -q.?92q SM-4C

1 sm-5
411 SN-I

6 4 6 SP

1 0 0SQ-
1 1 0 ${ -2

* 1. 0 1 1 1 s -

I SR-I

C UNIT 2 LEFT FLAT PANEL
C

3 $5 -l

969
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0.0 . 4 0 1.0 SM-/A
0.0 0.707 -0.2929 4M-.A
0.0 I .414 Z -1.0 $M-48

0.4 !.4 14Z -1.0 SM-4C
sM-5

411 SN-i
1 6 4 6 $P-1

-' 0 0 0 SQ- I
~c

C UNIT 3 LOWER LEFT CURVED PANEL
C

5 3 SM-1
0.0 0.4 0.0 13S.0 1 .0 M-?A

0.0 1.4142 -1.0 SM-4A

0.0 0.7071 -?.7071 SM-48

0.4 0.707. -2.7071 SM-AC
S M-5

411 SN-I

1 6 4 6 SP-i
0 0 n SQ-I

* 1 $R- i

C
C UNIT 4 LOWER FLAT PANFL
C

? 3 SM-I
0.0 0.4 0.,) 1.4142 SM-2A
0.0 0.7071 -2.707: SM-4A

0 .0 -0.707. -2.7071 $M-48

0.4 -0.7071 -2.7071 $M-4C
I SM-S
41

6 ' SP-1

0 o o SO -t
1 SR-I

C

C UNIT 5 LOWER RIGHT CURVED PANEL

Z- C

5 3 sm -
0.0 .4 0.0 13S, r, .0 SM-2A
0.0 -t,7071 -2.7071 SM-4A
0.0 -!414? -1.0 $M-48
0.4 -. 4142 -i.0 SM-4C
1 SM-5
41 1 SN-I
1 1 6 4 6 SP-1

0 0 0 IQ-1
I SR-I

70
0



C UJ'1 IT f, RIGHT FLAT PANIEL

.4 3. f)M-.S -

0. 0 C. 70 7 -0.2929 $m-'sI
(4 -- C. 707, -'.2929 SM-4C

I I1M- 5
41~ %N-

1 ~'(4 ~ sp-1

lopC Q-



PEAR-SHAPED CYLINDER S PL-I
9 1 3. 0 0 0 V SPt-2
0 sPL -3
2.50 0.0 0.0 2.0 2.50 SPPL-4

0 $PL -3

0 -PL-3

2.50 -90 .0 -90.0 0 .1 2.50 PL-4
1 0 -1 i 0 0 3 0 0 , SPL-3
2.50 -15.0 -45.0 -60.0 1 0.0 SPL -4

1 0 - 1~ 4 1 3 n 0 - PL.-3
o -" n 4 n ? 3 0 0 - S SPL-3
( - 0 , 0 0 3 0 0 0 SPL- 3

?.51 -90.' -90.0 .n I' SPL-4
. ' -} ' 4 C 1 3 0 0 - S PL-3
1 0 -! 0 4 '1 ? 3 0 0 -i sPL-3

"
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APPENDIX D

BRIEF DESCRIPTION OF

USER-WRITTEN SUBROUTINES

In this Aoendix ar.e copies of routines used to analy:e ti,.
postbuiklPing r-sponse of a graphite-e-poxy curved r'tn-l with
a central circular hole. If the USRELT routine is Le hr use!
to define a mesh ithi quadrilateral elements, then th, foi o-
inm common block needs to be included if the default values
f'or INTE(I an] TTELT are not used:

COM)OQT/Q T APCM/: NTGP ,INT EG, PELL, IQE 7)
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1 tritt Dc)scrij tion oft C1 L-r-Writ t-ll l SIb-ut il :-

IlhsC:i subrout ines are used to model thc square plainform of a panel with j
-'iin glc central cirLular hole.

The f ini te lement grid is generated using the surface coord inates X aind Y
The grid is described using the parameters NRLN(S (the number of rin, o)
quadrilateral elements around the hole, assuming that one ring will be for
the edge supports if included) and NSPOKES (the number of radial spokes normal
to the hole boundary; must be a multiple of 8).

(X , Y , Z ) . . ;lobal to-(x C C C;oa
,C C c ordinates of

geometric center

of panel.

DHOLE . . . Diameter of bole

RCURV . . . Radius of curvature

S I of panel (set equal

to zero for flat
panel)

A . . .. Length of panel

EDGSUP Location of edge

* .. supports from edge
of panel

NOI)E NUMBERING

The node numbering scheme is counter-clockwise beginning at the edge of thl'

hol,; as shown:
%.

-. -



Trwo additional modeling parameters have been included: NIHRCR and RAM.

MHRCR . . . Number of hole radii away from thle e~dge 0f the hole thatL the
rings of elements will be circular.

RAT . . . . Mesh grading factor. Near zero gives equal spacing of rings alld

increasing the value of RAI' to a maximum of one gives a finer

mesh near the hole.

BOUNDARY CONDITIONS

Internal nodes are free. Boundary and corner nodes read in as data.

COuI~el Eb*6 1?
42

LOADING

Load is applied using a point force at the top (edge 1) center node and
applying partial compatability constraints across edge 1.

The node number of top center is given by

NTC =NRINGS *NSPOKES + NSPOKES/2 +1

P W00D(

*i, Vi 1 NTC

i =FN(;, NTC-I

P4T..i =NTC 4 1, I.NC



Where the first nodal constraint is at node number

F N(C NTC N NPC/ 2

and the last nodal constraint is at node number

LNC =NTC +- NPC/2

and NPC =NSPOKES/4 (number of partial compatability constraints)

REQUIRED USER DATA

0 User Parameter - Integers

KQUAD, NRINGS, NSPOKES,

IUVW IRUVW Irepeat for each edge, edges 1, 2, 3, 4

IUVW IRUVW ]repeat for each corner, corners 1, 2, 3, 4

IWALL, MHRCR

0 User Parameters - Floating Point

A, DROLE, XC, YC, ZC, RGURV, RAT, EDGSUP

If EDGSUP =0, no edge support. Along the lines of the edge support W =0.
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I--

LU *- ~0

LUJ
LU *

I () gfo

%OV)

0

z
Lu I

Lu
u1
Lu

LC)

zx

C=)I
0CD
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Listint 0i Usur-Writlcn Subroutiuls

C ( I)EI I NI. Ii N C)I ()RIli NATVS ANDI) IFJ
C

C ]ON! P D/KOUAD, N R l N,. , NSPOKE S, [ BC( ) ), I WA I, 4I Iw

D)EMENS [ON I JVWB3( 8) , I RJVWB(8) ,I)RAY(96), RRIN(;()t)
C

C KQIAD - IE'LEMENT TYPE: LF NEGATIVE, USE REI)UCEI) [NTI:E(RATION

C NRINGS - NUMBER OF INTERNAL RINGS OF NODES AROINI) nu: RoIE

C NSPOKES - NI1',l4.R OF RADIAL SPOKES NORMAL To HOLE BiOUNDARY

C (MIUST Bi A muLTIPLE OF 8)
C IUVWB(1-4) - U,V,W BOUNDARY CON)ITIONS ON EDGES OF ELEMENT UNITr

* C IUVWB(5-8) - U,V,W BOUNDARY CONDITIONS ON CORNEIRS O1' ELEMENT UNLT
( IRIUVWB( 1-4) - RLI,RV,RW BOUNDARY CONI)[TLONS ON EI)GES OF FLEMENT UNIT
C IRUVWB(5-8) - RU ,RV,RW BOUNDARY CONI)LT[ONS ON CORNERS OF ELEMENT UNIT
C IWALL - SELECT SHELL WALL NUMBER FROM THOSE C[IVFN BY THE K-CARDS
C MHRCR - MULTIPLE OF HOLE RADII FOR CIRCULAR RINGS OF ELEMENTS
C

COMMON/PI E/ DTR, RTI),P1
COMMON/UPF/A,DOLE ,XC,Y(", ZC,RCURV,RAr,ED;SU P

C
C A - LENGTH OR ARC LENGTH OF PANEL, (SQUARE PLANFORM)
-.C DROLL - I)IAMETER OF THE HOLE
C XCYC,ZC - GLOBAL COORDINATES OF TIlE CENTER OF THE HOLE

C RCURV - RADIUS OF CURVATURE OF THE PANEL
C (.EQ.O => FLAT AND .NE.O => CURVED )
C RAT- MESH GRADING FACTOR

. C ( NEAR ZERO GIVES EQUAL SPACIN(, OF RINGS;
C AND AS RAT => I, FINER MESH NEAR THE ROLE)
C EIGSUP- DISTANCE' FROM EDGE OF PANEL TO FIXTURE
C OR BOUNDARY CONI)IT[ONS OF SUPPORT

c

C IN[TIALIZE
C

1SYS=(U
IUVW=111

IRUVW= II
fF(KQUAD.CE.420) IRUVW=-11O

POW=O .0
I US=O

-.- [~ L,,-;. ()

IC S=O
RHOLE=O. 5* DI(FE
CRADI=(MtIRCR+l )* RII)E
i)ANG=2.0*PI/FIOAT(NSPOKES)
IF( v r;SI P.* T.o .U) EDGlSIJP=-() .i)

:) ( ;J *A- RUOILE) - I)( SUIP

IF( RA.E.r).0) RAT= I .OE-5
I'(RAT.(;T.I.()) RAT=1.0

kATPI=RAT+1.()
"ACT()t<=RA'm!/( P.ATP i**NR I Nt;S- 1 .0)

- . - . .* I.



* C P14=0.25*PI

C UNPACK EDIGE AND) CORNER 110UNDARY CONDITIONS FROM ARRAY IiiC
C

JBC= 1
DO 10 1=1,16,
IUVWB(JBC)= !tc( 1)

IC) JBC=JBC(l

J BC= I
Do 11 1=21,16,'
IRUVWfi(JBC)'= IBC( I)

*11 JBC=JBC+1
C
c sET UP FOR MLSH GRADING

DR= DR* FACTOR
DO 50 J=1,NSPOKES
ANG--(J-1)*DANG
ANGR=ANG
IF(ANG.GE.P12) ANGR=ANG-P12
IF(ANG.GE.PI) ANGR=ANG-PI

4 IF(ANG.GE.(3.*PI2)) ANGRMANC-3.O*PI2
IF(ANGR.LT.P14) BETA=(I.O/COS(ANGR)-l.O)
IF(ANGR.GE.P14) BETA=( 1.O/SIN(ANGR)-l .0)
DRAY( J)'=( 1 .+BETA)
RRING( J)=RHOLE

5(0 CONTINUE
C
C DEFINE INTERNAL NODES

NRINGSI=NRINGS- I
IF(EDGSUP.LE.O.0) NRINGS1=NRINGS
DO 100 I=1,tNRINGS
IM2=I-2

IF(l.EQ.NRINCS.AND.EDGSUP.CT.O.O) IUVW=-11O
DO 100 J=1,NSPOKES
IF(I.GT.1.AND.(RRING( 1).GT.CRADI))
.RRING(J)=RRING(J)+DR*DRAY(J)*RATPI**IM2
IF(I.GT.l.AND.(RRINC( 1) .LE.CRADI))

4 . RRING(J)=RRING(J)+DR*RATPI**1M2
RAY=RRINC(J)
IF(I.EQ.NRINCSI) RAY=RRING(I)*DRAY(J)

IF( I.EQ.NRINCS.AND.EDGSUP.GT.O.O) RAY=(0.5*A-EI)GSUP)*DRAY(J)
C
C GLOBAL COORDINATES

4 C
C (X,Y) ARE SHELL SURFACE COORDINATES AND (XG,YG,ZG;) ARE GLOBAL

*C COORDINATES
C

ANG= ( J- 1 )*jANG
X-RAY*COS( ANG)

4 Y-RAY*STN(ANG)
xG= xC+x
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IE(RclJRV.cGT.).1)) YG=-YC,+Y
I F( RCIRV .(T.O .0) ZG; R(:lIKV*CoS( AS [N( Y/K(,AiRV))

- L F( RCU RV. EQ .1.0) ZG- ; .C
* IIJPT=( 1-I)*NSIPOKFS+.

CALL. NoI)E( III1 PT, ill s, I "s, ,.S , XC,Y( , Z(;, I JVW , I RIIVW , I SYS, 1'( W)
10o (X.NTI LN1I K

C

NS1=5*NSPU)KES/8+ 1
NS2=3*NSPI-OKIS/8f- I

* ,. NS3R=~NSPOKEs/8+I
N S3 L= NSPOKES
N 54=7* NSPOKES! 8+1

C SET UiP EQUAL LENGTH SEGMENTS ALONG EDGES

Y=o.0
DO0 200 1= 1,NSPOKI'S
I lJPT= NRI NGS* NSPOKESt-
ANG--( 1-I)* DANG
IF( I.LE.NS3R GO To 210
IF(I.GT.NS3R.AND.I.I.E.NS2) GO TO 220

* IF(I.GT.NS2.AND.I.LE.NS1) GO To 230
* IF(I.GT.NSl.AND.I.LE.NS4) GO To 240)

IF(I.GT.NS4) GO To 250
* C

* C RIGHT SIDE OF ED)GE 3

* -210 CONTINUE

*~ - BCCE=7

X=0. 5*A
Y=O. 5*A*TAN( ANG)
IP(T.EQ.NS3R) GO TO 31(1
GO To 320

c
C EDGE 2

220 CONTINUE

X=0.5*A*TAN( P12-ANG)
Y=0. 5*,A
IF( I .EQ.NS2) GO) To 311)

F. o;o 'ro 320

C K1.

21) CONTI I I.,

30



I RC'E- I

X -0. *A
YsO.5*A*TAN( PI-ANG)
IF(I.EQ.NSI) Go TO 310
GO To 320

C
C E1)CE 4

24i0 CONTIN11F
[BC E='4
I BCG= H
X=-0.5*A*T'AN( 1.*PI2-.AN(;)
Y=-0.5*A

IF(I.EQ.NS4) Co 'Co 310
GO TO 320

C
C LEFT SIDE OF EDGE 3
G

250 CONTINUE
I BCE= 3
X=0.5*A
Y=-O.5*A*TrAN( 2.*PI-ANG)

* C
C TRAN4SFORMATION OF COORDINATES FROM SHELL SURFACE COORDINATES

C TO GLOBAL COORD)INATES

C
320 CONTINUE

XG= XC+X
YG=-YC+Y
zc--zc
IF(RCURV.EQ.O.O) GO TO 321

cc YG=-YC+RCIJRV* SIN( Y/ RCURV)
cc ZG=-RCURV*COS( Y/RCIJRV)

YG= YC+Y
ZG=RCURV*COS( ASIN( Y/RClJRV))

C
C SET UP THE EDGE NODES

321 CALL NODE(IUPT,IIIS,IRS,ICS,XG,YG,ZG,IJVWR(IBCE),TRJVWB(IBCE),
ISYS ,POW)
GO TO 200

C TRANSFORMATION OF COORDINATES F'ROM SHELL SURFACE COORDINATES
C TO GLOBAL COORDINATKS
C

310 CONTINUJE
* XGI=XC+X

YG- YC+Y
ZG= Z C
I P(( 0CJ<.0O..0) GO To 311

S YG= YC+Y



I I CALI, NOI)K( tuwr1, i us, IRS, ICS (:; ,Y(,ZG;, I uIVWK( I 3C), I RIIVWBi( I 'CC)
I SY: , iPow)

C
200) A N'I I

C.C

C FLNK IT H EHlO QJR:PAEWITIACNRLCHI ,RHL-

* C GNPKES - NUER 1 O RAIA SPOKHES NORMAL wTO HOE'N I BONDRYUR10J

(MUST HE A MULTIPLE OF 3)
* c ~IuVWB( 1-4) - U,V,W BOUNDARY CONIN ON EEE O, LMNTNI

C IUVWB(5-8) - 1J,V,W BOIN[)AKY CONI)ITIONS ON CORNERS OF ELEMENT IJN[T
CIRIIVWK( 1-4) - RL],RV,RW BOUNDARY COND)ITIONS ON EDGES OF ELEMENT UNIT

* C IRUVWB(5-8) - RU,*RV ,RW BOUNDARY CONDITIONS ON CORNERS OF ELEMENT IJNIT
C IWALL - SELECT SHELL WALL 'IYPF. FROM THOSE GIVEN BY THE K-CARDS
C NI-IRCR - MULTIPLE OF ROLE RADII FOR (,ARCIILAR RINGS OF ELEMENTS

COMM1ON/PIE! ITR,RTD, PL
COMM()N/QUAFCM/ INTGR, INTE, I ,PEN I,, IQRES( 7)

* DIMENSION ZETA(96)
C

- C INITIALIZE

* LECZ=O.O'
* [LIN=O

LPLAi-= 0
* INTEG=()

IF(KQUJAD.LT.O) INTEXC=1
KQIUAI IA8S( KQUAD)

iIPENL=-O

C)RIEINTATION ANGLE IN DECREES

)ANC- 2. 0* P31* RTI)/ FLOAT( NSPOKES)

1o', =2 , NSPOKL'SF ZETA( I )=z/.:'rA( 1- L)+D)AN(C
0 1,() NT 1 N1;

82



0() 200) L" I ,N KI N(;S

DO6 100 .J= I , NS POK K'S
JODI)= ()
I IF0(M10)( J,2) . EQ. 1) 1J01)1) 1
Nl=(I-l)*NP(Kl-.S +J
N2- Nl+NSPOKES
N3=N2+1
N4=NI+i
IF(J.QO.NSPO(Ki-S) N3=Ni+l
IF(.J.EQ.NSP0KES) N4=Nl-NSPOKES
IF( KQUAD.1T.420) GO TO 70

IF( IODI.EQ"(.0.,N0..IOI)I).EQ. 1) GO To 75
[F( I OD.EQ. I ANI)..JOI)I. RQ.0) ('. TO 75

70 CALL Q IJA)( NI ,N2 ,N3 ,N4 ,KQUAI), WALL,ZE'TA( J) ,E.,
* LLN,IPLAS)

GO TO 100
*75 CONTINUE

ZETAR=ZETA(J)-90.O
CALL QUAD)(N2,N3,N4 ,NI ,KQUAID,IEWALL,ZETAR,FCZ,

ILIN,IPLAS)
100 CONTINUE
200 CONTINUE

C
C EXIT

RETURN
END
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'.is ill-, )l Si'A.SC-- inp)ut daLa and SIlAI. input data

". .. ( 1Ai:tjAR- CYLoNI)RI CA. PANEl, W iTH 2-IN(H CENTRAl. I NCHLAi 1101,I, ;A-I
""; 1 0 (1 0J $ H- S I

UI (1 1 l 0 i) 4 S-2 EI,MKM.N'' UNIT ONLY
2 0 4 29 R- 3

0.00448 0.)89K-2 ().0896E-3 0.08961.:-4 s$-5 I PrwEF ('INS
0.610192 H. I "2. ( $C-I

101 1 S() 1 210 20 1 0.0 )( 0 1 $D- 1 RIK'S rEHol)
1 42 1 1 1 416 1 1 $G-2 U=CONSTANT AT X=O CONSTRAINT
1 421 U 1 1 417 0 1 G-2

421. 1 1 418 t) I $G-2
1 421 U 1 1 419 0 1 G -2
1 4-21 1 1 42(10 1 GC-2
1 ' '21 U 1 1 422 0 1 $G-2

1 42 1 1 1 423 0 1 $C,-2
421 0 1 1 424 0 1 $G-2

1 421 0 1 1 425 0 1 $G-2
1 42 1 1 1 42h 0 1 $G-2
I U 0 0 ) 1 1 $ f- I ONLY IJSRPT AND UJSRELr

I1-1 [SOTROP IC MATER [AL
10.E6 0.3 $1-2
2~ hi-I QUASI-ISOTRIoPIC MATERIAL (lb PLY SKIN)

19.6E6 0.0378 0.93Eb 0.01 0.0 1.89E6 0.0 $1-2
1 1 I $K- I SHEll, WALL DEFINI'rTON
1 0 .08 0.0 $K-2
2 1 16$K-1 SHELL WALL

, 2 0.005 45.0 $K-2
2 0.005 -45.0 $K-2
2 0.005 90.0 $K-2
2 0.005 0.0 $K-2

0 0.005 45.0 $K-2
2 (.()(5 -45.) $K-2

2 .005 90.) $K-2
2 ,0.005 0.0 SK-2
2 0.005 0.0 $K-2
2 2 0.00) 90.0 $K-2
2 .005 -45.0 sK-2

(.005 45.0 $K-2

2 0.005 0.0 $K-2
- 2 0.005 90.0 $K-2

2 ().005 -45.0 $K-2
2 0.U)05 45.0 $K-2
' 4 t $K-I o16=D26=0
i .;a $K-5A WALL TlI[CKNESS
).687606 0.218464Eb 0. . 0. 0. , K-5

;.'2i.46'4E6 ).H8 7 606E E ). (). 0. 0. , SK-5R
0. . 0. 1).214 57 1-6 0. 0. 0., $K-58

1.3)8650)13 0.145491-3 0. ,SK-51
h . . .14')49()1'5 ().3607281:3 . , $K-5
0. ). 0. ). ().I I I 9E3 $K-53

4 1 16 :,K-l S;Hl'J., WALL (+/-45,90,(),(),9(),-/+45) SYMMI:TR[I(
.t1 45.U) $K-2

2 0.0056 -4') .0 5K-2

-2 0l. )5b 10.0l 8K-84



2l.0056 u~ K- 22 ().i)()56 I).I) $K-2

2 .0005 90.') $K-2
2 0.0056 -45.0 $K-2
2 0.0056 45.0 $K2
2 0.0056 45.0 $K 2
2 0.0056 -45.0 SK-2
2 01.0056 90.0 $K-2
2 0.(056 0.() $K-2
2 0.0056 0.0 $K-2
2 0.0056 90.0 $K-2

2 0.0056 -45.0 $K-2
2 0.0056 45.) $K-2
21 8 $1,-1 NIJPI+NUPF
422, L-2A UPI VALUES
1o 40, $L-2A NRINGS AND NSPOKES
I(10 000, $L-2A BC ON EDGE 1

I10 100, $L-2A BC ON EDGE 2
000 000, $L-2A BC ON EDGE 3
li) 100, $L-2A BC ON EDGE 4
1(0 000, $L-2A BC ON CORNER POINT I
100 000, $L-2A BC ON CORNER POINT 2
000 000, $L-2A BC ON CORNER POINT 3

000 000, $L-2A BC ON CORNER POINT 4
4, $L-2A SELECT WALL TYPE

3 $L-2A MULTIPLE OF HOLE RADII FROM HOLE
14.0 2.0 7.0 0.0 15.0 15.0 0.2 0.0 $L-2B UPF VALIJIIS

I $U-1 LOADS
1 1 0 $U-2
25000.0 1 1 421 0 0 $U-3 POINT LOAD AT NODE 421 X=O

1 0 0 0 0 0 $V-1 OUTPUT FLAGS

SQUARE CYLINDRICAL PANEL WITH 2-INCH CENTRAL CIRCULAR IlOIE 5PL-i

53 1 3.0 0 0 ( $PL-2
0 $PL-3
0.25 0.0 0.0 0.0 0.25 $PL-4

o0 $PL-3
0.25 -15.0 -45.0 -60.0 0.25 $PL-4

2 1 0 10 1 0 0 1 0 0 0 $PL-3
0.50 90.0 0.0 0.0 100.0 10 $PL-4
2 1 0 0 I 0 0 2 0 0 -1 $PL-3
2 1 0 0 1 0 0 3 0 0 -1 $PL-3
2 1 0 0 1 1 0 3 0 0 -1 $PL-3
"2 1 0 0 1 5 0 3 0 0 -1 SPL-3
2 1 f 0 1 10 0 3 0 0 -1 $PL-3
2 1 0 0 1 15 0 3 0 0 -1 $PL-3
2 1 0 0 1 20 0 3 0 0 -1 $PL-3
2 1 0 0 1 25 0 3 0 0 -- 1 ,PL-3
2 1 0 0 1 30 0 3 0 0 -1 $PL-3
2 1 0 ( 1 35 0 3 0 0 -1 5PL-3
2 1 0 0 1 40 0 3 0 0 -1 SPL-3
2 1 p 0 1 45 0 3 0 0 -1 $PL-3
"2 (11 50 0 3 0 0 -1 $PL-3

I 0 0 1 55 0 3 0 -I $PI.-3
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o (3 o 1 15 (1 '1 (3 1 1.p -
2" (3 (3 ! 1(,) (3 ], I) c - ~ 5p- l-,

2 1 ( o I 8C) 3 3 ( P I .- i
0 o) 18

'. 1 I) U 1 S 9 '3 (0 1 - P -3
•2 1 (9 (1 1 1.- 3 1 ) - ,PL- ,

-, I 0 U ' ' )' U 3 ( 0 - SPL- ,
I2 I 0 ) 11(3 0 3 0 1) -0 SPL-

' () lt1J()0 3 1) (P - L- 3,

* UU 1 115 U 3 (31 1 ;L-1
1 1 (3 U I I U 3 00 U 5P-
.50 -15.0 -4 5. 0 -60.0) 2.50 5 1 L-4

S 0() 1 50 3 () )- $P-3

1 1 0 10 0 3 0 U -I $PL-3
1 0 U U I S () 3 0 0 -1 $ L-3

t 1 0 U 1 20 0 3 0 0 - 1 $PL-3
. 0 0 1 25 0 -3 0 0 -1 s Ptl-3

1 0 0 1 30 0 3 0 0 -1 $PL-3

1 0 0 1 35 0 3 0 0 -I $PL-3
1 0 0 1 40 0 3 0 0 -1 $PL-3
S 0 0 1 45 0 3 0 0 -1 SPL-3

I 1 0 0 1 50 0 3 0 0 -1 $PL-3
I 1 0 0 1 55 0 3 0 (0 -1 $PL-3
I 1 0 0 1 60 0 3 0 0 -1 $PL-3

I 1 0 0 1 65 0 3 0 0 -1 $PL-3

1 0 0 1 70 0 3 0 0 -1 $PL-3
1 0 0 1 75 0 3 0 0 -1 $PL-3

1 0 0 1 80 0 3 0 0 -1 $PL-3
1 0 0 1 85 0 3 0 0 -1 SPL-3

1 1 0 0 1 90 0 3 0 0 -1 $PL-3

1 1 0 0 1 95 0 3 0 0 -1 $PL-3
1 1 0 0 1 100 0 3 0 0 -1 $PL-3
I 1 0 0 1 105 0 3 0 0 -1 $PL-3
I 1 0 0 1 110 0 3 0 0 -I $PL-3
I 1 0 0 I 115 0 3 0 0 -I $PL-3

0o

U .

S''



I1

APPENDIX E

ANNOTATED SAMPLE OUTPUT
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. .

.- .. I . , -

I

Cr

- Cr - CC~
C, a - 0Cr '- 2 '.2
- -4 Cd, a

* 4 a A -r C
4 2.-

* C -t -C) a -
* I a - ''(.5 0 -
* -J Cr 1 7
* -J '0 -4 0~ A -
* --. 0- 4 - 2
* Zflj CC - C 0.' 4 a
* Cr .7 2 -
* CICrC) -4 'C) C

C -.- - 3-.4 C Cr
* - .240.4 4 4).) 0 a
- 2'13D C) - 40 - 4 Cr 2

* CC - ~J Crj

* Cd, - 4'2 7
(.2 7CC 4 3 .42

~~*."'< ' 3 3 3 a0~A -a Cr
2.7 CS XC) -. I LC L4Cr4

* 444 ('Cr 1 4 ..J '* 'a 0.a4~ u
-.2 - - '-.4 * 3 0201-el -

* 2 44.3 - C-C 4 022- 1~ -' L4LJ Cr
* -J *--.C)S 4 .40 ~) "''- '-' S* '243 C) 44' - - Cr.'4,4
* 4.-..: 3)- -40 C) 4 4 .2 101.-S 1
* 3-I .2 I 40 .4 (.4 21.0 LC~c2* a.a-.. 'C'? * I * 4 '2.4 4 W.-'4--- - -
- 2) -. a2~'3*I.3 '4.4 C)) CL .1." C4
* ".3)' 2.. * N 1 -.2 4 22,44.'.')
* 2~C')'.r' CL CL
* 3 - C.-. NI- 42
* C2-.~'-.40 - I -. 4t ).. W15 CO * *t'44 -
* 2 724''- - .C~ 4 '.4 )flt~4'C0 I
* '2 *3~-.~ - - 02 .4 a ~zuz~c -a.

-. .2 4 -- 4 4 4 (4 *
024')- ~ -4 40 I )j) - 3

'1 -444 -4'' Ci I )-4 4 Cr4 )(fl.do 0
- (.C-.-~. CCC .J~ .2 .44 ~.')j")7 U. I .2
4 4.7.-3.4 II 3 ~' 2 '.CL.C - tdCOACd,..2.4 -

.24 ~'.Ct'1.4 44 C4..2 ' 'Li C
-) 23 3 C- 2 34 C .20 SCOOCO-.4 S

* .: .- * 3 C Cd, 1 4 - - a - 4 CI 3 t4: ~
0 3

-, IS Cr
- . cC ''.2 -- ~"C4'.~)')J.d, 5- * 0 - 4 I I S I I 5* -: * 00002'

-: CS - 4

4 I-r *~. 0 - - 4 44 .4
)I .2 - 4.4444 3 -

.2 - C fltr0000L42r *0 I -
'' 0 ' ICI 744 0 3* IZC 5 5 0 - Cr 4

'C I S
* 40400000 74 0----'-' --- CS-) ' - C 4'Cr4'JCJCJIJfl(fl -. .0-4 S

* 32' *C) t)'C44000'C) 4 04-'0-. Cd, Cr C'
* J ''3)4 ~r .2 'C.2 3)4'300 * S- -, C' C-~~-. - - 0 04000 '.C'-CO CJ
. - - . -' N-. .CC -
* a4.2--3'-.4-~'*----.----.4~424 00-.vmnj-Crnj~-s.*

- ~'2'~t4' 0'-C *

22 42 'CC '24 '(2 44 ~JCr Cr OCr '000

I
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